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HIGH-VOLUME DIRECT CURRENT POWER
DISTRIBUTION AND FAULT PROTECTION

CROSS REFERENCE TO RELATED
APPLICATION

The present application 1s a Continuation-in-Part of U.S.
patent application Ser. No. 14/273,139, entitled “Power

Distribution System for Low-Frequency AC Outlets” and
filed May 8, 2014. The disclosure of Ser. No. 14/273,139 1s
hereby incorporated by reference herein in its entirety.

FIELD OF THE DISCLOSURE

The subject matter of the present disclosure generally
relates to power distribution systems, and more particularly
relates to distribution of high-voltage direct current.

BACKGROUND OF THE DISCLOSURE

The distribution of power among several loads presents
certain challenges. This can be particularly true 1n environ-
ments where there 1s a limited amount of available power,
but where hardware complexity and duplication are disad-
vantageous.

For mstance, in commercial aircrait, power having certain
characteristics should be supplied simultaneously to numer-
ous loads, from consumer power outlets for use 1n powering
personal electronic devices such as laptops or cellular tele-
phones to reading lights and seatback electronic displays.
Previous aircralt power distribution systems typically
involve the distribution of raw aircraft power from a head-
end device such as a power management system or circuit
breaker, through a side wall disconnect panel to a first seat
group. Power 1s then distributed from the first seat group to
additional seat groups through seat-to-seat cabling that car-
ries the power required by seat mounted power conversion
units, which in turn provide power to a passenger interface
at household voltage and frequency. Power carried through
such seat-to-seat distribution networks 1s often 115 volt
alternating current (VAC), three-phase power of either fixed
(400 Hz) or variable (360-800 Hz) frequency. Seat power
converters are necessary to convert this power to 110 VAC
60 Hz or other voltages to power passengers’ electronic
devices.

Systems of this type require seat power converters that are
suitable for use with an aircrait platform, and thus they
preferably have certain capabilities and characteristics, such
as power factor correction, a low electromagnetic interfer-
ence (EMI) signature, low current harmonics and a low load
demand vanation. Thus, the seat power converters often
contain complex circuitry, such as energy storage and f{il-
tering devices, to adequately meet these requirements. In
addition to the disadvantages inherent 1n complex circuitry,
undesirable heat 1s generated at the point of conversion by
processing power locally at the passengers’ seats.

Often, various power management functions are accom-
plished alongside power distribution. Certain load distribu-
tion and management systems (LDMSs) have been previ-
ously disclosed. U.S. Pat. No. 5,754,445, titled “Load
Distribution and Management System,” by Jouper et al.
relates to such systems. U.S. Pat. No. 6,046,513, titled
“Load Distribution and Management System,” by Jouper et
al., U.S. Pat. No. 8,295,065, titled “System control by use of
phase rotation signaling” by Jouper, and U.S. Pat. App. No.
2012/0,139,341, titled “System control by use of phase

rotation signaling,” by Jouper, each relate to LDMSs. The
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disclosures of U.S. Pat. Nos. 5,754,445, 6,046,513, 8,295,
065 and U.S. Pat. App. No. 2012/0,139,341 are hereby
incorporated by reference herein 1n their entirety.

The subject matter of the present disclosure 1s directed to
overcoming, or at least reducing the eflfects of, one or more
of the problems set forth above.

BRIEF SUMMARY OF THE DISCLOSURE

Disclosed 1s a system and method for the distribution of
power to several loads.

In an embodiment, a power source supplies AC input
power to a high-voltage direct current unit (HVDCU ) that 1s
configured to convert the AC mput power into high-voltage
DC power. The high-voltage DC power 1s distributed to
various loads through control units (CUs) that further pro-
cess the power as necessary to conform to load require-
ments. Distribution of power from the HVDCU 1s accom-
plished over a first and second distribution rail, one carrying
a positive voltage and the other carrying an equal but
negative voltage. A ground fault circuit interrupter (GFCI) 1s
employed and monitors the differential between the voltage
distribution rails to protect against faults. An arc fault circuit
interrupter (AFCI) may also be employed.

Thus a safe and effective power distribution system using,
DC power 1s provided. Less power processing must be
accomplished locally 1n proximity to the various loads,
decreasing hardware requirements i1n complex systems.
Weight reduction may be particularly advantageous to air-
craft operators, as even small weight savings can lead to
increases 1n aircrait performance, reduced imitial capital and
maintenance costs, and significant cost savings over the
operational life span of the aircraft, particularly from
reduced fuel consumption.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing summary, preferred embodiments, and
other aspects of the present disclosure will be best under-
stood with reference to a detailed description of specific
embodiments, which follows, when read 1n conjunction with
the accompanying drawings, in which:

FIG. 1 1s a schematic diagram of an embodiment con-
tained within a commercial aircratt.

FIG. 2 1s a schematic diagram of a centralized high-
voltage direct current unit of an embodiment.

FIG. 3 1s a schematic diagram of a ground fault circuit
interrupter operating in an embodiment.

Like reference numbers and designations in the various
drawings indicate like elements.

DETAILED DESCRIPTION

FIG. 1 1s a schematic illustration of an embodiment.
Aircrafit power distribution and management system 100 has
power source 101 that provides high-frequency AC input
power to high-voltage direct current umt (HVDCU) 102.
HVDCU 102 converts the input power into high-voltage DC
power. The high-voltage DC power 1s transferred via a
negative distribution rail and a positive distribution rail, one
of which carries a positive voltage and one of which carries
a negative voltage. The high-voltage DC power 1s trans-
terred to control unmits (CUs) 103 and 104 that are electrically
disposed between the distribution rails. Each CU 1s config-
ured to convert the high-voltage DC power into output
power that 1s compatible with a load(s) 105. Depending on
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the power needs of the loads, CUs may mclude DC-DC
and/or DC-AC converter hardware.

Various loads can be optionally supported, including
without limitation such items as reading lights, electronic
displays, AC consumer power outlets, USB power outlets,
passenger address systems, wireless access points and per-
sonal electronic devices.

It should be understood by those of skill in the art to which
the present disclosure pertains that the described HVDCU s
and CUs may be employed in any suitable number or
configuration. For instance, in a passenger aircralt zones
may be established, each with a HVDCU supporting mul-
tiple CUs. High-frequency power as used in the present
disclosure refers to currency with a frequency inclusive of

between 360 and 800 Hz. The input power may be 115 VAC
400 Hz three-phase power, 115 VAC 360-380 Hz three-
phase power, 230 VAC 400 Hz three-phase power or 230

VAC 360-380 Hz three-phase power or any other voltage as

1s available 1n the host vehicle. High-voltage DC power
should be considered be greater than 30 VDC.

Some embodiments may perform power management
functions 1n addition to distribution functions. For instance,
in a situation where additional power 1s not available, the
HVDCU and CUs may be configured to disable unused
outlet units so that additional loads are not added to the
power system, while still allowing those loads that are
already drawing power to continue doing so. Thus, disrup-
tion to the passengers of a vehicle employing such an
embodiment would be reduced, while load management 1s
still accomplished eflectively.

Some HVDCUSs of certain embodiments may, 1in addition
to a status whether power 1s available, make use of addi-
tional inputs 1n determining whether to disable unused or all
outlet units. Power management may thus be accomplished
in response to the dynamic circumstances in which an
embodiment may operate. In one instance, the system may
take an mmput from other systems such as the cabin thermal
management to limit the overall power by disabling unused
outlets based on thermal characteristics. In a second
instance, a HVDCU may disable all outlets 1n a decompres-
s10n event on an aircrait, thereby conserving power for more
critical aircrait systems.

FIG. 2 1s a schematic diagram of HVDCU 200 of an
embodiment. High-voltage AC power 1s received along
input power lines 201 and 1s fed to EMI filter 202, where
clectromagnetic filtering 1s conducted. Switching noise from
internal circuits 1s suppressed and filtered to prevent it from
entering back imto mput power lines 201. Input monitor
central processing unit (CPU) 203 momitors the input power
to determine whether it 1s within the nominal voltage and
frequency range (typically 102-122 VAC and 360-800 Hz).
When the mput voltage 1s within an allowable range, relays
204 are closed to allow power to flow to power factor
correction (PFC) unit 205. PFC unit 205 corrects for current
harmonics and power factor to satisty aircraft platform
requirements. Intermediate power, typically in the form of
350 VDC, 1s then passed to DC-DC HV converter 206. This
intermediate power 1s used to store energy for short periods
of power loss, typically 1n the range of 1-200 mSec. DC-DC
HV converter 206 processes the intermediate power and
supplies 1t onto positive DC distribution rail 207 and nega-
tive DC distribution rail 208, each of which carries approxi-
mately 135 VDC. Output monitor CPU 209 monitors the
current consumption and output voltage along each distri-
bution rail and acts to detect short circuit conditions, leakage
current and arc fault events.
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Interface and host processor 210 interprets signals from
the other vehicle systems. In an aircraft, information regard-
ing decompression, weight-on-wheels, power availability,
cabin environmental management and system On/Ofl status
allow HVDCU 200 to control the system as necessary
during various flight phases.

In traditional systems employing 270 VDC 1t was very
dificult to discern leakage current from load current because
the return 1s referenced to the aircraft structure. The dis-
closed dual voltage rail system presents advantages 1n this
respect, particularly the ability to monitor leakage current
from either distribution rail to the chassis in order to mitigate
even minor faults to the structure. FIG. 3 illustrates the
sensing of leakage current from one of the rails.

FIG. 3 1s a schematic 1llustration of a ground fault circuit
interrupter (GFCI) that may be employed 1n certain embodi-
ments, particularly 1n an aircrait. Distribution rails 301 and
302 deliver power to load 303 that typically consumes
power equally from each rail. However, a ground fault
occurs at fault point 304. I1 the fault 1s human contact, that
individual may be subject to severe injury. Resistor 305 has
a relatively high impedance between the aircraft frame and
a point between the distribution rails. While the load 1s
drawing current from both voltage rails, the voltage devel-
oped across resistor 305 1s 1deally zero. If either distribution
rail has a leakage path to the frame, such as 1s the case with
fault point 304, then a voltage equivalent to the current
through the fault path will be developed across resistor 305.
The set-point can be chosen arbitrarily, for example such as
at the positive rail at +200 VDC and the negative rail at =70
VDC. If either an upper or lower threshold 1s exceeded,
ground fault detect unit 306 can cease power flow over the
distribution rails, 1n this embodiment by controlling first
solid state switch 307 and second solid state switch 308.

In certain embodiments, 1in addition to the GFCI, an arc
tault circuit interrupter (AFCI) will trigger on the occurrence
ol intermittent current events. An output control CPU of a
HVDCU monitors each voltage distribution rail’s output
current for spurious current 1n excess of that normally seen
by the load types being serviced. These spurious currents are
indicative of either series or parallel arc faults, which can be
too short 1n their duration to trip the output current limit
function. Thus, together the GFCI and AFCI can mitigate
certain safety concerns present with the use of high-voltage
DC systems.

Although the disclosed subject matter has been described
and 1llustrated with respect to embodiments thereof, it
should be understood by those skilled 1n the art that features
of the disclosed embodiments can be combined, rearranged,
etc., to produce additional embodiments within the scope of
the invention, and that various other changes, omissions, and
additions may be made therein and thereto, without parting
from the spirit and scope of the present invention.

What 1s claimed:

1. A power distribution system, comprising:

a high-voltage direct current unit (HVDCU) configured to
receive high-frequency alternating current (AC) 1nput
power from a power source and including a power
factor correction (PFC) unit and a DC-DC high-voltage
converter,

wherein the PFC unit 1s configured to convert the high-
frequency alternating current input power 1nto an inter-
mediate DC power and the DC-DC high voltage con-
verter 1s configured to process the intermediate DC
power 1nto high-voltage distribution DC power,
wherein the high voltage distribution DC power 1s of a
lower voltage than the imtermediate DC power;




US 10,340,679 B2

S

a negative voltage distribution rail and a positive voltage
distribution rail, together configured to supply the
high-voltage distribution DC power to at least one
control unit (CU);

wherein the negative distribution rail 1s configured to
carry a voltage in a range ol —135 to —=200 VDC and the
positive distribution rail 1s configured to carry a voltage
in a range ol +135 to +200 VDC power;

a resistor disposed between a frame and the negative
voltage distribution rail and the positive voltage distri-
bution rail and a ground fault detect unit configured to
detect a voltage across the resistor that exceeds one of
a upper threshold and a lower threshold indicating that
a ground fault condition exists and cease power flow
over the negative voltage distribution rail and the
positive voltage distribution rail;

cach CU being configured to convert the high-voltage DC
power 1nto output power compatible with at least one
load and supply the output power to the loads associ-
ated with 1t; and

wherein the loads include at least one selected from the
group consisting of electronic display, AC consumer
power outlet, USB power outlet, passenger address
system, wireless access point and personal electronic
device.

2. The system of claim 1 wherein each CU 1s electrically
disposed between the negative distribution rail and the
positive distribution rail.

3. The system of claim 2 wherein the power source 1s a
generator driven by an aircraft engine.

4. The system of claim 2 wherein the HVDCU and the
CUs are configured to disable at least one unused load 1n the
event that additional power 1s not available.

5. The system of claim 2 wherein the at least one CU
includes at least a first CU and a second CU, wherein the first
CU 1s electrically connected to the HVDCU and the second
CU 1s electrically connected to the first CU.

6. The system of claim 2 wherein the PFC umt 1s
configured to correct the power factor of the mput power.

7. The system of claim 1, wherein the ground fault detect
unit 1s configured to cease the power tlow by operating a first
solid state switch on the negative voltage distribution rail
and a second solid state switch on the positive voltage
distribution rail.

8. The system of claim 1, further comprising an arc fault
circuit mterrupter (AFCI) configured to detect an arc fault
condition between the positive distribution rail and the
negative distribution rail.

9. A method of distributing power, comprising:

providing AC mput power from a power source to a
HVDCU including a PFC unit and a DC-DC high-
voltage converter;

converting at the PFC unit the high-frequency AC input
power 1nto an intermediate DC power;

converting at the DC-DC high-voltage intermediate DC
power 1mto high-voltage distribution DC power;
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wherein the high voltage distribution DC power 1s of a
lower voltage than the imtermediate DC power;

distributing the high-voltage distribution DC power over
a negative voltage distribution rail and a positive volt-
age distribution rail to at least one CU;

wherein the negative distribution rail 1s configured to

carry a voltage in arange ol —135 to —=200 VDC and the
positive distribution rail 1s configured to carry a voltage
in a range ol +135 to +200 VDC power;

converting the high-voltage DC power to output power

that 1s compatible with at least one load;

distributing the output power to the loads from the CU;

and

wherein the loads include at least one selected from the

group consisting of electronic display, AC consumer
power outlet, USB power outlet, passenger address
system, wireless access point and personal electronic
device;

at a ground fault detect unit detecting a voltage across a

resistor disposed between a frame and the negative
voltage distribution rail and the positive voltage distri-
bution rail that exceeds one of a upper threshold and a
lower threshold indicating that a ground fault condition
exists; and

ceasing power flow over the negative voltage distribution

rail and the positive voltage distribution rail.

10. The method of claim 9 wherein:

the iput power 1s selected from the group consisting of

115 Volt Alternating Current (VAC) 400 Hz three-phase
power, 115 VAC 360-380 Hz three-phase power, 230
VAC 400 Hz three-phase power and 230 VAC 360-380
Hz three-phase power.

11. The method of claim 9 wherein the power source 1s a
generator driven by an aircraft engine.

12. The method of claim 11 wherein the HVDCU and CUs
are configured to cause to be disabled any unused loads that
are consumer power outlets when no additional power 1s
available.

13. The method of claim 9, wherein the step of ceasing the
power tlow includes operating a first solid state switch on the
negative voltage rail and a second solid state switch on the
negative voltage distribution rail and a second solid state
switch on the positive voltage distribution rail.

14. The method of claim 9, further comprising the step of
halting power to the loads when an arc fault 1s detected by
an AFCI.

15. The method of claim 9 wherein the at least one CU
includes at least a first CU and a second CU, wherein the first
CU 1s electrically connected to the HVDCU and the second
CU 1s electrically connected to the first CU.

16. The method of claim 9 wherein the PFC unit corrects
the power factor of the mput power during the step of
converting the high-frequency AC input power nto inter-
mediate DC power.
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